The purpose of this paper is to provide a few examples of how several branches of science have interesting and even profound implications for our understanding of death. The method will be to analyze some established principles from biology, astrophysics, mathematics and quantum mechanics. There are four results: First, the death and biodegradable bodies of Earth's animals played a significant role in the evolution of the human species. In this ironic sense, we owe our lives to death. Second, unnatural death can be framedependent. A person can be alive and well in his proper reference frame despite having died an unnatural death in an external frame. Third, if the multiverse theory is not valid, then the death of the universe is inevitable and irreversible. This is tantamount to the law of increasing entropy. Fourth, events do not go out of existence with the passage of time. Rather, what is lost to the past is the high probability associated with detecting present events. In other words, the high amplitude of present events washes out detection of past events like the daytime sun washes out the stars. Since the unconscious mind does not detect energetic sensory data, it may be timeless as many have suggested. If so, it need not depend upon high amplitude events, thus giving some credence to paranormal psychology. Moreover, the death of the organic brain in its inertial frame of reference may not be synchronized with the death of the unconscious, thus admitting to something like an afterlife. In conclusion, scientists should conduct further research as a follow-up to this early paper in order to gain a deeper understanding of death, an event that is inevitable for us all and has profound consequences.
Introduction
Death is an inevitable event for all of us and has profound consequences. Hence, one would expect each and every scientist to have an abiding interest in the subject. Surprisingly, this does not appear to be the case. Of course, biotech and pharmaceutical researchers do work hard to develop treatments intended to postpone death. Moreover, a body of medical researchers has maintained a significant interest in the so-called near-death experience (NDE) (Bates & Stanley, 1985; Jansen, 1990; Greyson, 1997; Jansen, 1997; Greyson, 2000; Parnia, Waller, Yeates, & Fenwick, 2001; Lange, Greyson, & Houran, 2004; Nelson, Mattingly, Lee, & Schmitt, 2006; Greyson, 2007) . In the NDE, patients who have lost cardiac function and breathing but have recovered, report an inspiring and benevolent out-of-body experience. This experience often confirms a belief in heaven or establishes such a belief. The mechanisms of action for the NDE have not been elucidated, although several have been proposed. Otherwise, death is well understood as a medical phenomenon (Bernat, Culver, & Gert, 1981; Wehner, Wehner, Schieffer, & Subke, 2000; Greenhouse, Kuzminsky, Martin, & Merryman, 2006; Lustbader, O'Hara, Wijdicks, MacLean, Tajik, Ying, Berg, & Goldstein, 2011; Kansal & Havill, 2012) .
In light of this milieu, the literature pretty much leaves the subject of death up to religion. To help correct this oversight, the present paper provides a few examples of how various branches of science have interesting, even profound, implications for a deeper understanding of death. Needless to say, death has an inevitable and highly significant impact on all members of society. This is all the more reason that death should be of interest to academicians. The method used here will be to analyze some established principles from biology, astrophysics, mathematics and quantum mechanics. This should provide a jumping-off point for further scientific research intended to achieve a deeper understanding of death.
Death of Organic Life

Evolution
During the Cambrian period of the Paleozoic era, there was an explosion of terrestrial life when virtually all the animal phyla first appear in the fossil record (Marshall, 2006) . What emerged was a plethora of wondrous and strange genera and species, distinct from the later differentiations, such as reptiles and mammals. Some 250 million years later at the Permian-Triassic boundary, there was an unprecedented mass extinction, the most severe mass extinction in the geologic record (Bowring, Erwin, Jin, Martin, Davidek, & Wang, 1998; Becker, Poreda, Hunt, Bunch, & Rampino, 2001) . Almost 70% of the terrestrial vertebrate genera and 85% of marine species became extinct. This was the only mass extinction that affected insects. It set the stage for reptiles to evolve into the dino- Another issue is what would have become of the oceans if marine life had not been biodegradable. The oceans' important source of protein might have been reduced. Due to the incompleteness of the fossil record, this subject necessarily entails some speculation. However, suffice it to say the following:  The death and biodegradable bodies of Earth's animals played a significant role in the evolution of the human species.
It seems ironic that, in this sense, we owe our lives to death.
Frame-Dependent Death
In quantum mechanics, unitarity conserves information (Cornwall, Levin, & Tiktopoulos, 1974 , 1975 . However, the information can become scrambled such that putting it back together would violate the principle of increasing entropy.
The conservation of information was challenged when Hawking demonstrated that quantum mechanics would cause black holes to evaporate via Hawking radiation, thus decoupling the future from the past (Aharonova, Cashera, & Nussinova, 1987; Susskind, 1997) .
As I have shown elsewhere (Allen, 2012) , Hawking radiation admits to two equally valid realities: An astronaut may be dead and cremated in the reality of his colleagues but alive and well in his own reality. This requires a black hole and a spacecraft firing powerful engines to keep the spacecraft on orbit just above the event horizon. In the reality of the accelerating spacecraft (only) the surface of the black hole is blazing hot due to virtual particles that have become real. If an astronaut jumps out of the spacecraft and falls into the black hole, his colleagues aboard the spacecraft will see him incinerated as he falls through the blazing hot surface. This really happens in the reality of the astronauts on orbit. But once an astronaut jumps out of the spacecraft, he is in freefall and not accelerating. As a result, the surface of the black hole is just empty space in his reality and he falls through unscathed. Although this situation requires a black hole and a spacecraft on nearby orbit, it proves a principle:  Death can be relative to the observer and may fail to occur in the reference frame of an individual who dies an unnatural death in another reference frame.
Summary
Two conclusions have been reached regarding the death of organic life. First, the death and biodegradable bodies of Earth's animals played a significant role in the evolution of the human species. In this ironic sense, we owe our lives to death. Perhaps society should not view death in entirely negative terms. Second, an individual may be alive and well in his own, proper reference frame despite his unnatural death in another, external reference frame. This is of no practical significance since humans have always lived in the inertial frame of the Earth and will for the foreseeable future. (Leaving the Earth's rest frame means much more than travelling to another planet in the Solar System.) Nonetheless, framedependent death should be of academic interest.
Birth and Death of the Cosmos
Much has been written about the death of the cosmos, including heat death (Cartwright, 2014) and the "big rip" (Brevik & Gorbunova, 2005) . Here we will start at the beginning by considering an unordered pair of directed integers (−1, +1), and the binary operator + (addition), both of which are given as our field or universe. If the elements of the pair (−1, +1) are combined through addition, then the result is ( ) ( )
In other words, the integers in the pair (−1, +1) are annihilated if they combine through addition. Note that the resulting number zero is not directed, i.e., −0 = +0. Thus, strictly speaking, zero is not an integer and we can say that "integerness" has been annihilated. An obvious simile from physics is the way an electron (e − ) and a positron (e + ) will annihilate rest mass by converting it into energy when the particles combine. As another simile, Gödel, 1938 proved that the set of all sets is empty. Thus, by collecting all nonempty sets into a set of all sets, we annihilate the nonempty sets by virtue of transforming them into the empty set.
The first of these similes is reversible but only in a universe that is a proper subset of a greater whole. As is well-known, a photon can become an unordered pair (e − , e + ) if, and only if, the photon passes close to an atomic nucleus so as to conserve momentum. In a universe comprised only of (e − , e + ), the annihilation of (e − , e + ) is irreversible because there is no atomic nucleus to conserve momentum.
By its very definition, the set of all sets is not the proper subset of a greater whole. Nor is the second simile reversible. If we try to extract a nonempty set from the empty set we obtain
where φ is the empty set and S is any nonempty set.
For purposes of Equation (1), annihilation can only be reversed with a twostep process:
But this presumes another pair (−1, +1) beyond the one given that was annihilated, again presuming a field or universe {(−1, +1), +} that is the proper subset of a greater whole. The pattern here is ubiquitous and should be obvious. Indeed, it is akin to the law of increasing entropy:
Theorem: Annihilation can be reversible only in a universe that is a proper subset of a greater whole.
In terms of the second law of thermodynamics, annihilation means that all the material objects being considered wind up at the same temperature (an annihilation of free energy). The question, then, is whether the cosmos is a proper subset of a greater whole, as in multiverse theory (Dewitt & Graham, 1973; Tegmark, 2004; Car, 2009) . If, and only if, this is the case, then:  The singularity of the big bang could have started off empty of free energy.
 The heat death of the cosmos is not inevitable and, in any case, could be reversible.
Otherwise,  The singularity of the big bang did not start off empty of free energy.
 The heat death of the cosmos is inevitable and irreversible.
Time in Quantum Mechanics
It is our human intuition that events come into existence from a stochastic future, have an ephemeral existence in the present, and then go out of existence into the deterministic past. However, as I have shown elsewhere (Allen, 1998a ), modern physics paints a different picture. The wave function for an event has a nonzero amplitude everywhere in spacetime (Raymer, 1997; Feynman, Hibbs, & Styer, Extended by Styer, 2005; Griffiths, 2017) . Over a small interval, the amplitude or probability of detection reaches a very high peak. It falls off rapidly and exponentially approaching zero asymptotically with distance from the peak amplitude. What changes in time is where the observer is in relation to the peak amplitude, which is what we mean by the present. In other words, the high amplitude of present events blots out past events the same way that the daytime sun blots out the stars. By blocking out data from the present and amplifying data from the past with diffraction effects, past events could be seen (Allen, 1998b ).
However, due to the magnitude of the speed of electromagnetic radiation in a vacuum, this could only be used to see milliseconds into the past, as if an event had happened slightly further away from the observer in space than it actually did. Nonetheless, the philosophical point is interesting:  Nothing actually dies in the sense of going out of existence. What is lost to the past is the high probability of detecting an event.
Many students of the mind believe that the unconscious mind is timeless (Bonaparte, 1940; Spence, 1990; Hägglund, 2001; Zeki, 2002; Primas, 2003; Ekstrom, 2004; Schoïllberger, 2008) . In terms of physics, this belief is credible because the unconscious mind does not detect the peak amplitude of an event's wave function, i.e., the present, because it does not detect energetic, sensory data. This could account for numerous anecdotes involving precognition or extrasensory perception (Wolfle, 1937; Rattet & Bursik, 2001) . Perhaps rejection of such phenomena by the scientific community reflects confirmation bias rather than critical thinking.
A Question of Hope for Society to Ponder and for Further Study by Academicians
For our species, the most hopeful conclusion might seem to be that death can be frame-dependent. Of course, the peculiarities of a black hole and Hawking radiation were needed to prove the principle. But with the principle proved, one might consider whether the people who die in the reference frame of the Earth might still be alive elsewhere in their own frame, just like the falling astronaut in Section 2.2, a thought experiment that is explained in great detail in Allen, 2012. The problem is that the astronaut eliminated his unnatural cause of death by changing frames. Changing frames can only keep a person alive if his cause of death exists in an external frame and is not due to natural causes such as old age or disease. Such natural deaths occur in a person's proper frame and consequently accompany people wherever they might be.
More hopeful for the relevance of human life is the examination of what time does in quantum mechanics. It means that whatever we do, for good or ill, while not directly detectable in the distant future, is nonetheless written indelibly on the fabric of space and time. How interesting that this is admitted to in Steven Spielberg's 2001 movie A. I. Artificial Intelligence. A related point is that the unconscious mind may not be restricted to the peak amplitude of the wave function, i.e., the present, since the unconscious mind does not detect energetic, sensory data. This is consistent with the belief that the unconscious mind is timeless and gives some credence to parapsychology. It also leads to the Chief Philosophical Question of the present paper:
Chief Philosophical Question: If the unconscious mind is not restricted to the present, is the death of the organic brain at a time determined by its inertial reference frame synchronized with the death of the unconscious mind?
If the answer is in the negative, then we have something like an afterlife. Unfortunately, the Chief Philosophical Question is akin to Pascal's wager (Cargile, 1966) . We can never discover the answer from direct experience if the answer is affirmative.
Conclusion
In order to demonstrate that several branches of modern science have interesting and profound implications for death, this paper has provided examples from biology, astrophysics, mathematics and quantum mechanics. Given the humble purpose of this early paper, the author hopes his colleagues will conduct follow-up studies so as to arrive at a deeper understanding of death. After all, as noted at the outset, death is the fate that awaits us all and it has the most serious of consequences.
